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Description 

This invention relates to a method lor the termentative production of diacetyl and acetoin using a lactic acid bac- 
terium. In particular, it relates to a method tor the fermentative production of diacetyl and acetoin using a lactic acid 

5 bacterium by culturing said bacterium in a culture medium containing a sugar source which said bacterium can utilize. 
Diacetyl and acetoin are principal flavoring components produced by a lactic acid bacterium. 
It is known that diacetyl and acetoin are flavoring components produced by a lactic acid bacterium capable of 
utilizing citric acid, for example, (Cit + ) Lactococcus lactis subsp. lactis (Streptococcus lactis subsp. diacetylactis), Leu; 
conostoc mesenteroides subsp. cremoris and the like, using citric acid as a substrate. Therefore, the productivity of 

10 diacetyl and acetoin by a lactic acid bacterium is closely related to the metabolic activity of citric acid and its metabolites. 
Most of the previously reported methods for increasing the yield of diacetyl and acetoin depend on the premise that 
citric acid is a precursor of these flavoring components. 

For example, these flavoring components have been produced wrththe addition of a mjtalsaJUoa i curtuiejnedlum 
so as to increase the citrate-i-etaboiizing aciiviiy of ihe iacticacid bacterium [seelbr example JP-A-63-202390], or by 

is enuring the lactic acid bacterium in the presence of citric acid for a certain period of time, then adding cirtic acid and 
a metal salt, and culturing again for several hours [Agric. Biol. Chem., 51, 2315 (1987)], or by culturing, at a lower 
temperature or at a lower pH so as to reduce the diacetyl reductase activity [J. Dairy Sci., 51 , 339 (1968)], or by adding 
citric acid or pyruvic acid to a medium as a precursor of diacetyl and acetoin [see for example Die Nahrung, 26, 615 
(1 982) and Milchwissenschaft, 38, 21 8 ( 1 976)]. However, it has been found that a lactic acid bacterium contains diacetyl 

20 reductase and diacetyl formed is immediately converted to acetoin by the action of this enzyme [J. Dairy Sci. , 55. 1 022 
(1972)]. Acetoin is a flavoring component giving a flavor similar to that ol diacetyl. However, the flavor of acetoin is 
considerably weaker as compared with that of diacetyl, so that it is necessary to prevent the conversion of diacetyl 
formed to acetoin in order to increase the flavor strength. This object can also be attained by oxidizing acetoin, when 
formed in large quantity, to diacetyl. 

2S On the other hand, the production of diacetyl reductase and the activity thereof are considered to decrease when 

citric acid is present in a medium. Therefore, as soon as citric acid is consumed, conversion of diacetyl to acetoin 
occurs rapidly. 

It has been known that, when fCit»l Lactococcus lactis subsp. lactis 3022, a strain of lactic acid bacteria, is subjected 
to static culture in MRS medium at 30°C for 8 hours, the decrease in the amount of the diacetyl formed immediately 

30 occurs as soon as citric acid in the medium is almost used up, to lower the yield ot diacetyl [Agric. Biol. Chem., 50, 
2639 (1986)]. Such conversion of diacetyl to acetoin during culturing may bring about some difficulties to a reliable 
production of diacetyl. In addition, the amount of diacetyl formed by culturing a lactic acid bacterium in a medium 
containing skimmilk powder containing or the like is generally as low as 2 to 10 ppm. 

That is, it is a significant problem of the prior art to prevent the conversion of diacetyl to acetoin. On the other hand, 

35 pyruvic acid as a direct precursor ot diacetyl and acetoin is formed by the metabolism of carbohydrates such as glucose 
and the like, in addition to the metabolism of citric acid. It is generally assumed that a lactic acid bacterium does not 
produce diacetyl in the absence of citric acid [Appl. Environ. Microbiol., 31, 481 (1 976)]. However, it diacetyl and acetoin 
can be produced by the metabolism of carbohydrates alone, the addition ot citric acid becomes unnecessary and the 
production costs can be reduced, thus industrially much advantageous. 

40 The object of the present invention is to provide a method for the fermentative and reliable production of diacetyl 

and acetoin in high yield, by culturing a lactic acid bacterium in a medium containing a sugar source which said bac- 
terium can utilize. 

The inventors have surprisingly found that, when (Cit + ) Lactococcus lactis subsp. lactis 3022 (PERM BP-2805) 
was cultured in MRS medium with shaking, the following results could be obtained in comparison with the static culture: 

45 

(1) The diacetyl-forming ( diacetyl synthase) activity increased approx. 5 times (Table 1); 

(2) The amount of glucose consumed increased, whereas the amount of lactic acid formed decreased (Table 2); 

(3) Even after 8 hours of culture when citric acid in the medium was completely consumed, the amount of accu- 
mulated diacetyl increased and no decrease in diacetyl amount could be observed; therefore, diacetyl could reliably 

so be produced (Fig. 1 ); and 

(4) Even in MRS medium without the addition of citric acid, the formation of diacetyl and acetoin occured (Table 3). 

These results suggest that, because the diacetyl-forming activity of a lactic acid bacterium increases when aero- 
bically cultured with shaking, diacetyl and acetoin can also be formed from pyruvic acid which is produced from glucose, 
55 not only from citric acid. 

In addition to the above findings, the present inventors have further found that substantially alt the added sugar 
source can be metabolized into diacetyl and acetoin, that is, diacetyl and acetoin can be fermentatively produced when 
a lactic acid bacterium is cultured aerobically by shaking or aerating the cuture medium containing at least one additive 
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selected from iron porphyrin, heme protein, an animal tissue containing iron porphyrin, and blood, and also containing 
one or more metal salts. 

Thus, the present invention relates to a method for the fermentative production of diacetyl and acetoin, which 
comprises cutturing a tactic acid bacterium in a culture medium containing a sugar source which said lactic acid bac- 
terium can utilize, with shaking or under aeration in the presence of at least one additive selected from iron porphyrin, 
heme protein, an animal tissue containing iron porphyrin, and blood and also in the presence of at least one metal salt. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 shows the relationship between the amount of diacetyl formed and that of citric acid consumed, obtained 
by inoculating 1 ml of a preculture of (Cit + ) Lactococcus lactis subsp. lactis 3022 into a Sakaguchi flask (containing 
100 ml of MRS medium) and conducting static culture (•) .at 30°C or shaking culture (O) at 120 strokes/min.. The solid 
line (-) indicates the amount of diacetyl formed and the dashed line (---) indic ates th e amo unt of citric acid consumed. 

Any carbon source may be used in the piresent invention, so far as it can be used by the lactic acid bacterium. 
Glucose, lactose, etc. are preferred. 

Example of iron porphyrin, which may be used in the sense inclusive of heme protein, are heme, hemin and hematin. 

Examples of heme protein which may be mentioned include cytochrome oxidase, cytochrome, catalase, peroxi- 
dase, hemoglobin, etc. The biochemistry of hemoglobin is well known in the art : see for example 'Biochemistry" by 
Stryer, 1981. 

The amount of iron porphyrin, heme protein, an animal tissue containing iron porphyrin, and blood to be added 
ranges from 0.1 to 500 u,M, preferably 0.5 to 5 u,M, on the iron porphyrin basis. 

As the metal salts, one or more of iron ion, copper ion and molybdenum ion may be added in the form of inorganic 
or organic salts to a concentration of 0.01 to lOmM in total. 

As examples of the inorganic salts, chlorides, sulfides, etc. may be mentioned, and acetates, lactates, etc., may 
be mentioned as organic salts. 

Although citric acid is not an essential component, it may also be added to the medium. When citric acid is added 
to the medium, the production of diacetyl and acetoin in such medium becomes somewhat higher as compared with 
those without citric acid. 

The above-mentioned iron porphyrin, heme protein, an animal tissue containing iron porphyrin or blood, and metal 
salts may be added to a medium after heat-steritizing the medium or simultaneously with the other medium components 
prior to heat-sterilization. Particularly, in case of heme protein such as hemoglobin, cytochrome oxidase, catalase and 
peroxidase, the diacetyl- and acetoin-productivity of a lactic acid bacterium increases due to the presence of iron 
porphyrin contained in said protein and not by their specific enzymatic actions. Therefore, it is also possible to carry 
out the present process by adding animal blood, animal tissues, e.g., liver, kidney, etc. or their extracts containing iron 
porphyrin which is less expensive than the aforementioned heme protein to a culture medium in a concentration of 0. 1 
u.M or more based on iron porphyrin, inoculating with a lactic acid bacterium and then aerobically culturing the bacterium 
with shaking or under aeration. 

Any lactic acid bacterium may be used in the present invention as far as it is capable of producing diacetyl and 
acetoin irrespective of their ability of utilizing citric acid. However, it is preferred to use a microorganism belonging to 
the genera Lactobacillus, Lactococcus (formerly the genus Streptococcus) and Leuconostoc. Examples of such mi- 
croorganisms are as follows: Streptococcus lactis subsp. diacetylactis ATCC 11007, Lactobacillus casei ATCC 334, 
Leuconostoc cremoris ATCC 19254, (Cit+) Lactococcus lactis subsp. lactis 3022 (FERM BP-2805) and Lactobacillus 
casei 2206 (FERM BP-2806). 

The lactic acid bacteria as mentioned above can be used alone or in combinations thereof. 

Diacetyl-lorming (Diacetyl Synthase) activity of shaking culture was compared with static culture by culturing (Cit+) 
Lactococcus lactis subsp. lactis 3022 in MRS medium, and the results are shown in Table 1. 



Table 1 



Method 


Time (h) 


Diacetyl-forming (Diacetyl Synthase) Activity (mU/mg protein) 


Static 


6 


1.4 


Culture (30°C) 


15 


3.3 


Shaking 


6 


7.0 


Culture (30°C) 


15 


17.6 



In the above Table 1 and the following Tables 2 and 3, the amounts of diacetyl and acetoin and the diacetyl-forming 
activity were measured by head space gas chromatography according to a method of the present inventors [Agric. 
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Biol. Chern., 50, 2639 (1986)]. Glucose, lactic acid and citric acid were measured enzymatically (Boeh ringer-Mannheim 
GMBH). 

The composition of the MRS (deMan, RogosaandSharpe, J. Appl. Bacterid. 23, 130) medium used was as follows: 

peptone 10g, lab-lemco powder 10g, yeast extract 5g, glucose 20g, Tween 80 1 ml, K 2 HP0 4 2g, sodium acetate 
5g, triammonium citrate 2g, MgS0 4 - 7H 2 0 200mg, MnS0 4 • 4H 2 0 50mg and distilled water 1,000 ml, pH 6.5 

The amount ot glucose consumed and that of lactic acid formed in the shaking culture was compared with those 
of static culture by culturing (Cit+) Lactococcus lactis subsp. lactis 3022 in MRS Medium (24-hours at 30° C). The results 
are shown in Table 2. 

Table 2 



Method 


Amount of Glucose Consumed (mM) 


Amount of Lactic Acid Formed__(mM) 


Static Culture 
Shaking Culture 


17.0 
38.4 


33.8 
26.7 



The amounts of diacetyl and acetoin formed in shaking culture were compared with those of static culture by 
culturing (Cit+) Lactococcus lactis subsp. lactis 3022 in a medium with or without citric acid (24-hours at 30°C). The 
results are shown in Table 3. 



Table 3 



Method 


Addition of Citric Acid (as a 


Amount of Diacetyl Formed 


Amount of Acetoin Formed 




citrate) 


(mg/€) 


(mgtf) 


Static Culture 


Added 


1.0 


200 




None 


0 


0 


Shaking Culture 


Added 


40 


1,200 




None 


17 


<500 



35 



As stated above, substantially all of the sugar source added are converted to diacetyl and acetoin in the present 
process. Diacetyl and acetoin in the culture can be concentrated by distillation, etc. In addition, the acetoin formed can 
be converted to diacetyl by oxidation. 

That is, the present invention enables the reliable production of diacetyl and acetoin in high concentration by using 
inexpensive sugar source as a substrate, without adding citric acid to the culture medium. The culture solution or a 
concentrate thereof can be used to increase or improve the flavor of foods such as butter, margarine, cheeses, short- 
ening, confectionery, creams, etc., in only small amounts. 



[Comparative Example] 



Procedure: 



45 



SO 



To 100 ml each of citrate-free MRS medium [J. Appl. Bacterid., 23, 130 (1960)] was added 300 ug of hemin, 1 ml 
of catalase (Sigma, 20,800 U/mg protein, 35mg protein/m/}. 0.5g of bovine blood, 0. 1 g of bovine liver, or 1 .7m g of Cuclg 
• 2H 2 0. After sterilizing at 121 °C for 10 minutes, 1 m/of a preculture of (Cit+) Lactococcus lactis subsp. lactis 3022 
was inoculated thereinto and cultured at 30°C for 48 hours with shaking at 120 strokes/min. The same procedure as 
above was also carried out with adding either a mixture of hemin and CuC£ 2 -2H 2 0 or a mixture of bovine liver and 
CuC€ 2 -2H 2 0. The amounts of diacetyl and acetoin formed were determined in each case and the results are shown 
in Table 4. 

Table 4 



Effects of Hemin, Catalase, Bovine Blood, Bovine Liver and Copper Ion on the Formation of Diacetyl and Acetoin 
by (Cit + ) Lactococcus lactis subsp. lactis 3022 



07/23/1999 13:49:36 page -4- 



EP 0 430 406 B1 



Additive 


Diacetyl mgtf 


Acetoin mg/£ 


None 


17 


<200 


Hemin 


180 


•5,000 


Catalase 


175 


5,200 


Bovine Blood 


180 


5,500 


Bovine Liver 


190 


5,000 


CuC€ 2 • 2H 2 0 


170 


3,200 


Hemin + CuCf 2 • 2H 2 0 


240 


6,700 


Bovine Liver + CuC€ 2 2H 2 0 


330 


8,400 



It is evident from the above results that the^iacejyj^ridacetoin. production, in the presence crthe above additives 
■is about ten-fold higher thamhafprbduced without any additives (see Table 4). Therefore, the addition of heme, heme 
protein, an animal tissue containing heme, or blood and the addition of metal salts are indispensable in order to fer- 
mentatively produce diacetyl and acetoin using a sugar as a substrate. 

EXAMPLE 

The present invention is further illustrated by the following Examples wherein all percentages are by weight unless 
otherwise stated. 

Example 1 

0.1 mM CuC€ 2 was added to 100 m/ol citrate-free MRS medium, fol towed by heat-sterilization at 121°C for 10 
minutes. To this medium was added hemin (sterilized by filtration), which had been dissolved in 0.05N NaOH, to a 
concentration of 5 uM Then, (Cit+) Lactococcus lactis subsp. lactis OLS 3022 (PERM BP-2805) starter was inoculated 
into the medium thus prepared to a concentration of 1%, followed by cultu ring with shaking at 120 strokes/min. at 30° C 
for 48 hours. The amounts of diacetyl and acetoin produced in the culture were determined and found to be 250 mgtf 
and 6,300 mgtf, respectively. 

Example 2 

0.1 mM FeC£ 3 and 100mg of slurried bovine liver were added to 100 nrrf of citrate-free MRS medium, followed by 
heat-sterilization at 12 1°C for 10 minutes. Then, this medium was inoculated with Lactobacillus casei ATCC 334 starter 
and (Cit + ) Lactococcus lactis subsp. lactis OLS 3022 (FERM BP-2805) starter, both at a concentration of 1 %, followed 
by cutturing under aeration at 30°C for 24 hours. The amounts of diacetyl and acetoin produced in the culture were 
620mg/€ and 6,000 mg/€ , respectively. 

Example 3 

0.1 mMCUCf 2 , 0.1 mM FeC^, 0,1 mH Na 2 Mc0 4 , and a sufficient amount of catalase (Sigma, 20,800U/mg protein) 
to give a concentration of 4,000U//n/were added to 100m/ of MRS medium, followed by heat-sterilization at 121°C for 
10 minutes. Then, the resultant culture medium was inoculated with Leuconostoc cremoris ATCC 19254 starter and 
(Cit+) Lactococcus lactis subsp. lactis OLS 3022 (FERM BP-2805) starter, both to a concentration of 1%, followed by 
culturing with shaking at 120 strokes/min. at 30°C for 48 hours. The amounts of diacetyl and acetoin produced in the 
culture were 290mg/€ and 7,500mg/€, respectively. 

Example 4 

10g of skimmilk powder, 0.1g of yeast extract, 1 .7mg of CUC€ 2 , 90 m/of water and 50mg of slurried bovine kidney 
were mixed, and heated at 95°C for 10 minutes, followed by inoculation with (Cit + ) Lactococcus lactis subsp. tact is 
OLS 3022 (FERM BP-2805) starter, to a concentration of 2%. Culturing was conducted under aeration at 30 °C for 48 
hours. The amounts of diacetyl and acetoin produced in the culture were 230 mgtf and 5,900 mg/f , respectively. 
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Example 5 



1 MM, followed by inception i^ l^eto^toS S^^y^^ added, ° a eventration of 
cultunng with shaking at 125 strok esW al 35-c for 2 STS 3u12f ° 3 Concen,ra,ion °' 1% and 
cullure were 900mg/€ and 2,000mg/<, respectively '* °' dBCetyl 3nd ace,oin P rodu «d in the 
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bakteriums in einem Kufturmedium. das eine Zuckerquelle enthalt, welche das Milchsaurebakterium verwerten 
kann, unter Schutteln Oder unter Beluftung in Gegenwart mindestens eines aus Eisenporphyrin, Hamprotein, einem 
Eisenporphyrin enthaltenden tierischen Gewebe und Blut gewahlten Additivs sowie weiterhin in Gegenwart min- 
destens eines Metallsalzes. 

Vertahren nach Anspruch 1, wobei das Milchsaurebakterium aus Diacetyl-produzierbaren Mikroorganismen 
gewahlt wird, welche den Gattungen Laktobazillus, Laktokokkus und Leukonostok angehoren. 

Verfahren nach Anspruch 1 oder 2, wobei die Menge des Additivs 0,1 bis 500 umM betragt, berechnet als Eisen- 
porphyrin. 

Verfahren nach Anspruch 1 , 2 oder 3, wobei das Metallsalz ein Salz von Eisen, Kupfer Oder Molybdan ist und in 
einer Menge von 0,01 bis 10 mM eingesetzt wird. 

Verfahren nach mindestens einem der vorangehenden Anspruche, wobei das Kulturmedium weiterhin Zttronen- 
saure enthalt. 

Verfahren nach mindestens einem der vorangehenden Anspruche. wobei das Milchsaurebakterium (Cit+) Lakto- 
kokkus lactis subsp. lactis OLS 3022 (FERM BP-2805) oder Laktobazillus casei 2206 (FERM BP-2806) ist. 
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FIG .1 
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